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Cardioplegia by Way of the Coronary Sinus for Valvular and
Coronary Surgery
PHILIPPE MENASCHE. MD, PHD . ARMAND PIWNICA. M D
Purim, Frmrr,•
Retrograde coronary sinus perfusion has recently reemerged as an
attractive means of delivering cardtoplegic solutions during open
heart procedures. In patients undergoing aortic valve or aortic
root surgery, there is no evidence that coronary sinus cardioplegia
-its in a better myocardial protection than that achieved with
the use of standard methods of antersgrade eardiopiegta delivery .
However, the retrograde approach provides distinct technical
advantages that might favor its use a an alternative to direct
coronary, ostial connotation .
In select subgroups of patient, undergoing coronary bypass
The concept of using retrograde coronary sinus perfusion to
preserve the myocardium during surgically induced ischemic
arrest in not new . In 1956, Blanco et al . 11) suggested the use
of retrograde coronary sinus perfusion with oxygenated
blood to support the heart during aortic cross clamping for
visualization of the aortic valve
. This approach was then
successfully used experimentally (2) and clinically (3) by
Goth and Lillehei and their associates . However, the retro-
grade technique was soon found to be inadequate for valvu-
lar surgery requiring a lengthy operation and therefore it was
replaced by anterograde coronary perfusion and hypother-
mia. After a 10 year hiatus, the use of retrograde coronary
sinus perfusion was revived by Hammond et al. (4) to permit
direct surgery on the left coronary artery system in dogs .
However, their experimental report (4) failed to generate
clinical interest in this application . In the late 1970s, a
growing number of investigators undertook an experimental
reappraisal of retrograde coronary sinus perfusion . By that
time, however, cardioplegia had become the standard
method of myocardial protection and the coronary sinus
technique was thus primarily viewed as a potentially effec-
live means of delivering core cooling and cardioplegic addi-
tives to the chemically arrested heart .
This renewed interest in retrograde coronary sinus perfu-
sion is largely due to the recognition that the disappointing
results yielded by the early surgical attempts with retroperfu-
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procedures, there Is a growing body of evidence that the coronary
sinus route may be more elective than the asterograde route
because of its superior capacity to ensure homogeneous dharthui
than of coding and cardioplegia In myocardial arms supplied by
occluded arteries
. The well established safety of coronary suns
eardlaplegla In the clinical selling further justifies its inclusion
among techniques for ensuring adequate
myocardial preservation
during surgically induced ischemk arrest .
(J Aae Can Cordial 1991 ;!8cc628-36)
sion could be attributed to the fact that the retrograde capillary
artery route, the main pathway for retrograde cardiac nutrition,
is not developed enough to supply the amount of oxygen
required by the high metabolic demands of a beating normo-
thermic heart
. Therefore, when energy requirements were
drastically reduced by new techniques-hypothermia, chemi-
cally induced asystole and, in many cases, left ventricular
venting (51--it seemed logical to reconsider the use of the
coronary venous system in the perspective of a conduit for
core cooling and cardioplegia delivery because of both its
extensive distribution throughout the myocardium and its
consistent freedom from atherosclerotic obstructive disease .
In this review we focus on the clinical applications of
coronary sinus cordioplegia in cardiac surgery . because our
10 year experience with this technique together with the
various published reports now permit the identification of
those subsets of patients who are likely to benefit from
retrograde cardioplegia, The increasing use of the retrograde
approach in recent years also allows us to clearly outline its
advantages and potential drawbacks. These drawbacks are
discussed together with the technical solutions that may be
helpful in solving the persisting issues, thereby making
coronary sinus cardioplegia a safe, effective and easy to use
technique in surgical practice .
Experimental Background
Distribution patterns or retrogradely infused solutions.
Published experimental studies on retrograde delivery of
cardioplegia are abundant. In fact, almost all of the studies
have evaluated the distribution patterns of retrogradely
infused solutions under normal conditions and in the pres-
ence of a coronary artery obstruction . On the basis of
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anatomic studies (6). one can expect a cardtoplegic retro-
perfusate to split into two fractions as it flows across the
coronary venous system. The first fraction, commonly re-
fmred to as the nutritive flow, takes the capillary to arteriole
route and egresses into the aortic root, predominantly from
the left coronary ostium . The second fraction shunts directly
through the thebesian system into the heart chambers,
primarily those of the right side,
The experimental assessment of the respective importance
of these two components (that is
. capillary and nrncapilkuy) of
the retrograde flow has yielded rather consistent results . In
1978, Solorrano ei al. (7) used chromium-5l-labeled micro-
spheres to estimate the fraction of capillary perfusion provided
by the retrograde infusion of a blood solution in vented
nonworking canine hears in vitro . Estimating this fraction
from the trapping index of microspheres by the myocardial
microcirculation, they reported a value of 26 x 7% {mean a
SlM). Parallel studies in which a silicone rubber solution
(Microfll) was infused into the coronary sinus at pres quires o(30
to 90 mm Hg demonstrated a predominant staining of the
venous system of the left ventricle, with the coronary veins in
the right ventricle undergoing less filling. In 1980, holley and
Hewitt (8) infused asanguineous solutions into the coronary
sinus of the dog and came to similar conclusions in that they
calculated that only 25% to 33% of the retrograde cardioplegic
flow traversed the capillary bed of the tight ventricle . This
estimate was consistent with the demonstration that infusion of
India ink resulted in poor staining of the right ventricular free
wall (and of the basal interventricular septum) compared with
that of the left ventricularfree wall, These distribution patterns
are very similar to those recently reported by Stirling et al . (9)
with the use of microsphetes and Evens blue dye .
Capillary versus
noonpl liry pathways. In brief, analysis
of these various studies leads to the following conclusions : I)
Capillary flow represents only a limited fraction of the total
retrograde cardioplegic Bow
. Theoretically, this might be of
concern to those who use oxygenated cardioplegic solutions .
In practice, this concern does not seem to be clinically
relevant in that even a reduced capillary flow during retro-
grade blood cardioplegic still delivers enough oxygen to
meet the energy demands of the cold. arrested, vented heart
(10) . 2) In the dog heart . the right ventricle, the atria and the
basal portion of the interventricular septum receive little
cardioplegic solution when the infusion is matte retrograde
through the coronary sinus . These data . however, cannot be
readily extrapolated to the situation in humans because of
species differences in the anatomic patterns of venous drain-
age
. Nevertheless, it is noteworthy that even in the canine
model, the interventricular septum can be adequately cooled
by coronary sinus cardioplegia despite low capillary septa)
flows (10)- This observation suggests that the failure of a
large fraction of the retroperfusate to provide substantial
nutritive flow does not prevent it from exerting effective
topical cooling as it shunts directly into the cardiac cavities
through the Ihebesian channels . 3) The capillary an~ non-
capillary pathways together ensure extensive permeation of
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the left ventricular free wall by solutions infused into the
coronary sinus, thereby making an effective conduit for the
retrograde delivery of core cooling and cardioplegia to this
structure
. This finding has stimulated the design of studies
intended to investigate the distribution patterns of retro-
gradely infused cardioplegic solutions in the presence of a
left-sided coronary artery obstruction .
Distribution patter= In left contrary abstraction (Table 1)
.
Two major studies have specifically addressed this issue
.
Shiki et al, (ll) infused a low viscosity resin (Meteors) into
the coronary sinus of excised dog hearts in which the left
anterior descending coronary artery or the left circumflex
artery. or both, had been ligated at their origin. In accor-
dance with the observations previously made in dog heats
with intact coronary
arteries,
they demonstrated that retro-
grade perfusion provided good delivery of cardioplegic so-
lution to the left ventricular free wall distal to the coronary
occlusion, whereas there was poor perfusion of the interven-
tricular septum and the right ventricular free wall . A more
quantitative assessment of the retrograde capillary and non-
capillary flows was recently attempted by Partington et n) .
(10) in a dog model of left anterior descending coronary
artery occlusion . Using a radio!abeled blood cardioplegic
solution administered into either the coronary sinus or the
proximal aorta, they (10) observed that nutritive flow to
muscle supplied by the occluded left anterior descending
coronary artery was preserved better by retrograde than by
anterograde cardioplegia
. Bath anterograde and retrograde
blood cardioplegic flows were distributed preferentially
toward endocardial muscle when the coronary artery was
patent . However, when it was occluded, preferential suben-
docardial hyperperfusion was maintained during retrograde
cardioplegic, whereas flow was redistributed away from
subendocardial muscle with anterograde cardioplegia . Fur-
thermore, septal cooling with retrograde cardioplegia was
more profound than that achieved with anterograde car-
dioplegia despite a markedly reduced retrograde capillary
flow
.
It is of particular interest that deep septa) hypothermia
was achieved comparably by the retrograde approach
whether the coronary artery was patent or occluded .
In light of these findings, it is not unexpected that several
experimental studies have demonstrated that in the presence
of a coronary artery obstruction, retrograde coronary sinus
cardioplegia afforded more homogeneous distribution of
cardioplegic solution and more effective myocardial cooling
distal to the obstruction compared with the traditional meth-
ods of anterograde delivery . including high pressure, high
viscosity blood cardioplegia (121, and that these patterns of
improved distribution correlated with improved recovery of
postischemie function.
Technical Issues
The technique of coronary sinus cardioplegia has been
previously described (17,
19) :
therefore. we will only update
some of the key features of the three main procedural steps .
630
	
MENASCHE AND PIWNICA
CORONARY SI : :US CARDIOPLEGIA
Table 1 . Summary of Experimental Studies of the Effects of Coronary Sinus Card ioplegia in the
,'resence of Coronary Artery Obstruction
Resultel
1 . Coronary sinus eannulation. Two techniques are avail-
able . The first consists of cannulating the sinus under direct
vision, which can be done easily through a short right
atriotomy (this has been our technique throughout our 10
year experience with retrograde cardioplegia). Alternatively.
the coronary sinus can be intubated "blindly" (that is, by
means of a stylet-guided catheter that is advanced into the
sinus through a small right atria) puncture). The problems
inherent with both approaches are discussed later in this
review.
2. Catheter positioning . The upper part of the inflated
balloon should remain seated around the intraatrial rim of
the coronary sinus ostium, to ensure that none of the
branches of the coronary sinus are excluded from effective
retroperfusion . Furthermore, the partial intraatrial location
of the balloon adds to the safety of the procedure in that it
minimizes mechanical stress on, and its attendant risk of
injury to . the underlying venous wall. To prevent inadvert-
ent dislodging of
the catheter during the cross-clamp period,
some surgeons have proposed (19) that it be anchored by a
purse string suture placed around the coronary ostium . Ill
doing so, one should not be concerned about injury to the
alrioventricular node because this structure is more anteri-
orly located
. We think, however, that balloon inflation is a
simpler means of achieving self-maintenance of the catheter
in the proper position during aortic cross clamping .
Cardioplegin retrninfuslon . Maintenance of perfusion
pressure at <40 mm Hg is mandatory for avoiding coronary
sinus injury (20). Although currently available retroperfusion
catheters allow continuous measurement of coronary sinus
pressure, such monitoring can eventually be discontinued
because we (21),
like others (12,22), have found that under
Belief cooling of the its area: Itmltstinn at
acidosis in the tkx area: ballet recover, of
global LV function .
Better cooling of the LAO area: better recovery
of segmental systolic shattering and
oumpliaxe .
Better cannot; of the LCx area: better recovery
of segmental systolic shortening and
compliance .
Better cooling of the LAD area: better
preservation
of high energy phosphates in the
LAD area : better recovery or segmental
systolic shortening .
Better cooling of the LAD area : better recover,
of segmental and global LY function ; poorer
recovery of RV function .
'All experiments were perfornrnd in dogs
. )Results are expressed as diffem mes with the respective control
groups in which cardinpI,gk w :-ti,, was given anlerugradcly by way of the aortic rant. tin IN, study . the initial
,rest was made via the aortic rout . LAD = left enteriordeseending eormtary artery: LCx - left circumflex coronary
a rtery. L V - ten ventricular ; RV = sight ventricular .
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conditions of cold cardioplegic arrest, the pressure-flow
relation in the venous system is fairly constant
. Thus, simply
fixing the flow rate of infusions of cardioplegic solution to
approximately 100 mllmin ensures that perfusion pressure
will not increase above the safety threshold
of 40
1,-.- Hg
(18)
.
Usually, the cardioplegic retroinfusion is made in a
nonpulsatile mode. In an attempt to further limit microvas-
cular damage and extracellular edema, some investigators
(23) have advocated the use of pulsatile delivery of retro-
grade cardioplegin . Although this technique has yielded
interesting experimental results, to our knowledge, it has not
been reported in clinical studies .
Clinical Experience
Valvular Surgery
Aortic valve replacement. In 1982, we (21) reported the
results
of an initial clinical trial designed to compare retro-
grade coronary sinus perfusion of cardioplegic solution with
conventional coronary artery perfusil n of the same perfus-
ate in patients undergoing aortic valve replacement. we
were concerned about the risks inherent with direct coro-
nary ostial cannulation and had undertaken this study, which
was approved by our Institutional Committee on Human
Research, primarily to assess whether cardioplegia delivery
through the coronary sinus could represent a valuable alter-
native to the anterograde route . The postoperative clinical
course was found to be similar in the two groups . The
recovery of myocardial performance as evidenced by serial
determinations of cardiac index, stroke volume index and
left ventricular stroke work index was also comparable in
Author
Experimental
Molder
Isehtmic
Tirelmini
Bollinge1a1 .(U1 LCx occlusion
90
Gur,drlandKirsh(12) LAD allusion 120
Mori et al. 1141 LCx occlusion 60
Masuda et al.
1151
LAD oedusiont 120
Padmglnn of al. 1161 LAD aeducion 60
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both groups at each study period throughout the initial 24 h
after surgery .
The recognition that retrograde coronary sinus perfusion
was a safe and effective alternative to anterograde coronary
artery perfusion as a means of cardioplegia delivery subse-
quently led us to use the retrograde approach routinely in all
procedures involving an aortotumy a nd . a s such . requiring
otherwise direct ostial cannulation for administering car.
dioplegic solution, either from the onset of the cross-clamp
period (in case of aortic regurgitation) or subsequently
during the procedure (for the purpose of cardioplegic rein .
fusions) . Our results in a consecutive series of 500 patients in
whom cardioplegic solution was given exclusively by way of
the coronary sinus during aortic valve replacement, either
isolated (359 patients) or combined with another valve or
coronary procedure (141 patients), were recently published
(I8) . There were 31 hospital deaths (6 .2%) . 20 of which were
cardiac related. During the last 5 year, of the study )1985 to
1989), the mortality rate for isolated aortic valve replace-
ment decreased to 1 .5%. In only 2 patients )among the IS in
whom a postmortem examination of the heart was available)
were patterns suggestive of inadequate intraoperative myo-
cardial protection clearly documented . Sixty p_ti,ots (12%)
developed a low cardiac output syndrome requiring inotro-
pie or vasopressive agents, or both, for >24 h postopera-
tively . Seven patients sustained a perioperative myocardial
infarction, an incidence rate of 1 .4% that decreased to 0 .4%
in the most recent surgical time frarne (1985 to 1989) . The
incidence rate of clinically significant supraventricular ar-
rhythmias and of permanent conduction defects was 7 .4%
and 1
.2%, respectively . There were three nonfatal coronary
venous injuries (0 .6%) during our early experience. The
comparison of these data with those reported in large series
of aortic valve ;perations led to the conclusion that the use
of coronary sinus cardioplegia resulted in outcomes compa-
rable with those of patients given cardioplegia in an antero-
grade fashion.
Advantages of retrograde versus anterograde cardioplegia
delivery. It is important to stress that neither our observa-
tional study nor the few others (25
.26) on the effect, of
coronary sinus cardioplegia in valvular surgery demon-
strated that the retrograde approach provides better myocar-
dial protection than a'tterograde methods . Rather, in addi-
tion to establishing the feasibility, safety and efficacy of the
coronary sinus technique, these clinical ti als showed that
the two routes of cardioplegia delivery provide an equivalent
degree of intraoperative myocardial preservation . This
finding reasonably supports the more liberal use of the
retrograde route in patients undergoing surgery for aortic
valve (or aortic root) disease in view of the following distinct
technical advantages provided by retrograde coronary sinus
perfusion under these circumstances :
I . Retrograde coronary sinus perfusion avoids the risk of
injury to the coronary arteries due to direct cannulation of
the cot onary ostia (24). in particular, the risk of late stenosis
of the left main trunk. In this setting . the coronary sinus
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technique is especially helpful in patients with heavily cal-
cified aortic walls .
2 . The techn+sue obviates the need to interrupt the
surgical procedure whenever the cardioplegic solution has to
he reinfused because the catheter remains self-secured in the
coronary sinus by means of balloon inflation throughout the
period of aortic occlusion . In multiple valve surgery. this
eliminates the time needed to reestablish exposure of the
aortic valve region if cardioplegia has to he given during the
initial valve procedure . The elimination of intermittent ob-
scuring of the operative field by coronary artery perfusion
cannulas is particularly helpful in patients with a narrow
aortic root and in those undergoing complex reconstructive
procedures on the ascending aorta because of aneurysm .
dissection or infective endocarditis with extensive aortic
root involvement .
3 . The technique seems to slow atrial rewarming between
cardioplegic infusions (27), most likely because of the topical
hypothermic effect exerted by that large fraction of the cold
cardioptegi'- retroperfusate that shunts directly into the right
cardiac cavities . This feature of coronary sinus cardioplegia
might account for the relatively low incidence of postoper-
ative supraventricular arrhythmias that we have seen in our
patients undergoing valvular surgery (18) .
4 . The technique seems, at least experimentally (28), to
improve the preservation of hypertrophied myocardium sub-
jected to an ischemic episode, which might reflect the
capacity of the extensive network of venous channels to
vehicle core cooling and cardioplegic agents effectively
throughout the thickness of the myocardium . This advantage
of retrograde coronary sinus perfusion could be of particular
relevance to patients with aortic valve stenosis.
Coronary Artery Surgery
Limitations of existing methods of anterograde delivery of
cardioplegia. fhe impetus fur evaluating retrograde coro-
nary sinus perfusion in coronary artery surgery has come
from the recognition that critical coronary artery stenoses
impede delivery of cardioplegic solutions infused through
the aortic root (29,30) and that the resulting inhomogeneity
in the distribution of cooling and cardioplegia is among the
well identified causes of inadequate myocardial protection
(30.311 . In an attempt to circumvent this problem of car-
dioplegic maldistribution, several strategies of anterograde
cardioplegia delivery have been proposed (32) that use the
aorta. the vein gratis or even the diseased coronary artery
opened at the site of bypass as the conduits for cardioplegic
infusion . However, a common limitation of then, . techniques
is that none of them avoid delayed protection of myocardial
areas sabserved by stenotic (or occluded) arteries and that
only become revascularized at the end of the cross-clamp
period by means of an internal mammary artery graft .
Likewise . these various methods of anterograde delivery are
ineffective in preserving still functional muscle supplied by
diseased vessels that cannot be treated with bypass surgery .
632 MENASCHE AND PIWNICA
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The limitations of these traditional means of anleroarade
administration of cardioplegic solutions have therefore r,
kindled interest in retrograde coronary sinus perfusion as an
alternative strategy with the assumption that the coronary
venous system, which is never affected by atherosclerosis,
would serve as an efficient pathway for providing core
cooling and cardioplegic additives regardless of the extent of
obstructive disease in the corresponding arterial system .
Because several experimental studies (12-16) suggested that
this expectation could be met (Table 1), some clinical trials
have been undertaken . Unfortunately . there hub been a
sharp discrepancy between the consistently beneficial re-
sults yielded in animal studies of retrograde cardioplegia and
the failure of the clinical studies to demonstrate a clear-cut
superiority of the retrograde approach in patients undergoing
coronary artery bypass grafting procedures
.
Result, of retrograde eardiopkg(n in coronary bypass
surgery . In 1986, Guiraudon et al . (19) reported their results
in 40 patients who were randomly assigned to receive
multidose cardioplegia delivered through either the ascend-
ing aorta or the coronary sinus . Postoperatively, there was
no overall significant difference between the two groups in
enzyme indexes . hemodynamic measurements serially taken
within 12 h of operation or results of global and segmental
radionuclide wall motion studies conducted 10 days postop-
eratively . The Italian group of Fundaro et al . (33) similarly
concluded that retrograde coronary sinus perfusion of car-
dioplegic solution was as effective as, but not superior to,
their standard anterograde method . The more recent findings
of Fiore et al . (34), who studied 40 patients receiving cold
blood cardioplegia through either the aortic root or the
coronary sinus, are consistent with the earlier observations
made by Guimudon et al . (19) and Fundaro et al . (33)
because Fiore et al. (34) did not observe significant differ-
ences between their two groups postoperatively with regard
to clinical outcome, enzyme indexes or hemodynamic mea-
surements. 1 . contrast, Waiter ut al. (35) concluded from a
comparative study in 19 patients that retrograde cardioplegia
was superior to anterograde cardioplegia in that it allowed
better preservation of creating phosphate during ischemic
arrest. However, this isolated biochemical finding was not
accompanied by significant intergroup differences in postop-
erative clinical recovery . In a larger series that encompassed
59 patients, Bhayana et al . (36) also identified a trend toward
improved myocardial preservation in the retrograde group as
evidenced by significantly higher left ventricular stroke work
indexes (expressed as a percent of prebypass control values)
at 16 and 24 h postoperatively . However, in the two latter
studies (35,36), the protocol of cardioplegia delivery con-
sisted of an initial aortic root infusion followed by a coronary
sinus infusion after the heart had been arrested by the use of
the anterograde route. Consequently . the results generated
by these two studies (15,36) reflect the effects of a combined
(anlerograde-retrograde) approach, not those specifically
due to the coronary sinus route .
Careful analysis of the clinical studies just mentioned
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shows that the patients in the study groups of these trials
may have been rather low risk operative candidates, in
particular with regard to the anatomic patterns of their
coronary artery disease . Consequently, one explanation for
the discrepant results yielded by experimental and clinical
studies in the presence of a coronary angry obstruction may
be that the coronary lesions of these patients were not the
most appropriate for the potential benefits of coronary sinus
cardioplegia to be readily demonstrated. This hypothesis is
primarily based on the observations made by Shapira et al .
(37) during coronary artery bypass procedures in their
patients . Using temperature mapping by thermographic anal-
ysis, they (37) showed that coronary artery stenoses a90%
did not necessarily preclude adequate cooling of the corre-
sponding myocardial areas by anterogradely infused car-
dioplegic solution . Only when the supply rg artery was
totally (or subtmally) occluded did aortic root infusion of
cardioplegic solution clearly fail to ensure adequate delivery
of hypothermia to the jeopardized segment . In contrast,
inflow-restricted regions were found to be more uniformly
cooled by coronary sinus cardioplegia than by aortic rcot
cardioplegia and, because in this study thermograms were
taken before the application of topical hypothermia, these
temperature patterns truly reflect the myocardial cooling
effects specific for each route of cardioplegia delivery . These
findings are consistent with the observation that all the
experimental studies that documented an improved preser-
vation with the use of retrograde delivery of cardioplegia
were performed in animal models of total coronary artery
occlusion (as spposed to stenosis). Additional support for
the implementation of the coronary sinus technique when-
ever the coronary vessels are totally occluded comes from
the experimental observations (28) that in the presence of
long-standing coronary collateral flow (a common finding
under these circumstances), retrograde protection may pro,
vide more rapid postischemic restoration of transmural
myocardial flow imbalances, both in collateral-dependent
regions and in normal myocardium.
Clinical studies. These date tend to indicate that total
coronary artery occlusion, in particular when it is part of a
multivessel atherosclerotic involvement, represents the spe-
cific anatomic pattern of coronary artery disease rhat is
likely to benefit must from retrograde coronary sinus perfu-
sion . Consequently, with approval of our Institutional Re-
view Board, we recently completed a clinical study in which
cardioplegia was given retrogradely through the coronary
sinus (after an initial aortic rout infusion) either in patients
with a critical (a50%) stenosis of the left main trunk (or its
equivalent) and a totally occluded right coronary artery or in
patients with a critical (->7tl%) stenosis of the right coronary
artery and a totally occluded left anterior descending (or
circumflex) coronary artery . On the basis of standard clinical
end points (mortality, myocardial infarction rate, require-
ments for inotropic drugs), our results have been rather
gratifying in this group at high risk of cardioplegic maldistri-
bution . As such, they are cooststent with those reported by
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Shapira et al, (38) in a group of patients very similar to ours
with respect to the pathologic features of coronary artery
lesions (in the latter study. coronary sinus cardioplegia was
used exclusively . that is. without an aaterograde cardiople-
gic induction) . Both our study and that of Shapira el al . (38)
arc ofthe observational type because the extent and severity
of coronary artery disease demonstrated by the patients
were such that failure of anterogeade methods to ensure
adequate cardioplegia delivery could be reasonably pee
.
dieted and, therefore, control groups receiving anterograde
perfusion were not studied in either of the two trials . Even if
this methodologic flaw attenuates the significance of the
conclusions drawn from these studies, it is tempting to
correlate our overall satisfactory clinical results with the
intraoperative observation that proximally occluded coro-
nary arteries were consisteatly found to be filled by rCtro
.
gradely infused cardieplegie solution, thereby suggesting the
effectiveness of cardioplegia delivery in the jeopardized
myocardial areas
. These observations contrast with our
earlier findings in other patients with proximally occluded
coronary arteries that aortic root perfusion resu)ted in ro (or
only minimal) presence of cardioplegic fluid. i n the vessel at
the time of arteriotomy, thereby demonstrating that reliance
on collateral channels to deliver anterogladety infused ear-
Jioplegic solutions under these circumstances is hazardous .
Indications for coronary sinus cardioplegia. On the basis
of these considerations, it seems logical to consider the
following subgroups of patients as having indications for the
elective use of coronary sinus cardioplegia during clinical
coronary artery bypass grafting procedures
:
I . Patients with multivessel extensive disease involving at
least total occlusion of a major coronary artery. regardless of
whether this occlusion is chronic or acute, such as that
which may occur after failed balloon angioplasty.
2 . Patients undergoing re7eat coronary artey bypass
grafting ; this sshgroup represents a unique entity in that
anterograde delivery of cardioplegia is likely to be both
ineffective because of the frequent occlusion of native err-
o:sLr y arteries and potentially dangerous because of the sick
of embolism of aft-iiromatous debris that can be dislodged
from patent diseased vein grafts by aortic root pedosion
(39).
3
. Patients undergoing coronary at wry bypass graJring in
combmativp with a procedure on the aortic valve or the
ascending aorta.
It seems therefore desirable that future studies of coro-
nary sinus cardioplegia he more specifically di; ecte4 toward
these patient cohorts.
Issues and Potential Solutions
Like any technique, coronary sinus cardioplegia is asso-
ciated with several drawbacks . The purpose of the following
discussion is to show that all of these issues can he ad-
dressed by simple technical measures.
MENASCHE AND PIWNICA
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Coronary Sinus Injury
There are two main patterns of coronary sinus injury
during retrograde cardioplegia : t) rupture of the venous wall
created directly by an overinflated balloon, and 2) jet lesions
resulting from excessively high perfusion pressures . Conse.
quently, it is predictable that both of these events can be
easily prevented by simple technical precautions that include
I I
gentle inflation of the balloon until it occludes the lumen of
the coronary sinus but without looking for an excessively
tight fit between the balloon and tar venous wall . and 2)
careful monitoring of perfusion pressure or flow rate of
cardioplegic infusions to prevent the former from increasing
to >40 mm Hg.
Adherence to these principles has resulted in an emphasis
on the safety of the technique in all clinical series dealing
with coronary sinus cardioplegia. From this standpoint . our
0 .57c
incidence rate of retroperfusion-related traumatic com-
plications compares favorably with the 1% to 546 incidence
rate of coronary complications reported after the use of
direct ostial cannnlation (28)
.
Delay of Cardiac Arrest
There is no doubt that it takes a longer time to arrest the
heart with retrograde perfusion than to do so through the
aortic root. althocgh the time from onset of retrograde
coronary sinus perfusion to electromechanical arrest has
been reported (22) to vary widely among hearts. In theory,
this limitation of the coronary sinus technique violates one of
the fundamental principles of myocardial protection,
namely, rapid induction of diastolic arrest to prevent the
depletion of high energy phosphates resulting from ischemic
electromechanical work . In clinical practice, however, it
does not seem that a slightly longer time to asystole has
detrimental effects on postoperative recovery, possibly be-
cause the prearrest fibrillmory state is of brief duration and
occurs in a heart that, in most cases is simultaneously
protected by topical cooling
. Thus, in the study of Fiore et
al . (3d), the fact that the time interval required for achieving
complete electrocardiographic arrest was significantly longer
in patients in whom the retrograde route was used did not
preclude these patients from having a postoperative outcome
comparable with that of patients in the control group with
anterograde protection . Similar observations were made by
Fundaro et al . (33).
Combined anlnragrade reaograde eardiopkga . The de-
lay in cardiac arrest can be easily circumvented by giving the
hrst dose of cardioplegic solution through the aortic root
(except in patients with major aortic regurgitation). Experi-
mentally, this strategy of combined (anterograde-retrograde)
cardioplegia delivery has been found highly protective in
mine (16) and porcine (40) models of cardioplegic arrest
superimposed on acute coronary artery occlusion
. It may
not be fortuitous that in the two clinical studies (35,35) that
indicated a trend toe .t rd improved myocardial preservation
after the use of coronary sinus cardioplegia, the protocol
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included an i : :itial arresting infusion by way of the aortic root
before the onscl of retrograde coronary sinus perfusion . It
cannot he excluded that by eliminatin, the major negative
feature of the retrograde approach . this strategy of combined
cardioplegia delivery facilitated the demonstration of the
otherwise beneficial effects of the coronary sinus route .
Consequently, our current protocol in high risk coronary
operations is to combine an initial aortic root urfusion to
provide for rapid asystole with a subsequent continuous low
flow coronary sinus infusion to ensure maintenance of cool-
ing and electromechanical inactivity throughout the cross-
clamp period .
Inadequate Preservation of the Right Ventricle
This concern has been raised on the basis of anatomic
studies in dogs (8,10,4 11 that have shown that most of the
right ventricle (and interventricular septum) is not drained
by the coronary sinus . However, it seems questionable to
infer from these observations that the right ventricle is
inadequately protected by retrograde techniques, because
this reasoning would underscore the functional importance
of the numerous veno-venous channels that are likely to be
operative in the in vivo situation and thereby account for the
experimental findings, also made in dogs, that coronary
sinus cardioplegia preserves the right ventricle to the same
extent as the left in terms of cooling (13,22), maintenance of
high energy phosphates (22) and recovery of function (42) .
That the theoretic anatomic limitations of coronary sinus
cardioplegia are likely to be of little clinical relevance can be
further marshalled from the observation that the drainage
flow patterns of the right ventricle land interventricular
septum) are more favorable in human beings than in dogs
(15,41)
.
Drainage patterns of the right ventCtele . From an ana-
tomic standpoint, three major drainage pathways can be
considered (43) and each is expected to be involved in
technically adequate retrograde coronary sinus perfusion
.
The first pathway is the thebesian system, which allows cold
cardioplegic retroperfusates to exert topical hypothermic
effects an the endocardium of the right ventricular cavity,
including the right side of the septum . The second pathway
is composed of the anterior cardiac veins that drain the
anterior wall of the right ventricle . Although these veins
empty directly into the right atrial cavity, they are anasto-
mosed with tributaries of the coronary sinus . The third
pathway is the posterior interventricular vein that drains the
diaphragmatic wall of the right ventricle and the posterior
part of the interventricular septum . This vein empties di-
rectly into the coronary sinus, usually very close to its entry
into the right atrium . This emphasizes the importance of not
advancing the retroperfusion catheter too far into the sinus
so as to avoid mechanical blockade of the ostium of the
posterior vein and subsequent impediment to retrograde
cardioplegia delivery to the corresponding right ventricular
and septa) areas .
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These observations probably account for our clinical
findings (44) that right
ventricular
function as essessed by
radionuclide angiaeardiography was not impairei after cor-
onary sinus cardioplegia far aortic valve operations . Ade-
quate preservation of right ventricular function) has been
similarly reported by others (19.34) in patients undergoing
coronary artery bypass grafting and is consistent with the
thermographic evidence (37) that the coronary sinus ap-
proach enables one to cool the two ventricles in a uniform
fashion . The routine use of topical hypothermia during the
cross-clamp period is also likely to contribute to preserva-
tion of the right heart chambers .
Right atrial versus coronary sinus route . Fabiani et al
(45) have advocated the use of right atrial cardioplegia
instead of coronary sinus infusions, with the thought that
this approach would improve right ventricular preservation
through enhancement ofthrbesian flow and be safer because
it avoids direct coronary signs cannulatian . The technique
involves occlusion of the two -'enae cavae and . _ain pulmo-
nary artery so that infusion of cardioplegic solution directly
into the right atrium forces retrograde flow into the coronary
sinus and thebesian channels . Although favorable clinical
results have beeri reported with atrial cardioplegia (45,46),
there is still disagreement about the adequacy of this tech-
nique in terms of right ventricular function, primarily be-
cause of the right ventricular distension inherent with direct
intraatrial administration of cardioplegia (47) .
Regardless of whether the coronary sinus or right atria)
route is used, all retrograde techniques have been shown to
result in superior preservation of right ventricular perfor-
mance compared with standard aortic root cardioplegia in a
canine model of acute right ventricular ischemia (48) . This
observation could be relevant to patients with acute obstruc-
tion of the right coronary artery and further sap-sorts the
view that the occlusive pattern of coronary artery disease is
likely to be
the elective indication for the use of retrograde
cardioplegic methods.
Myocardial Edema
Because the flow rare of cardioplegic retroinfusion is
approximately threefold lower than that of aortic root per-
fusion, the time required for delivering the same volume of
perfusate is accordingly longer. Thus, in our valvular surgi-
cal cases, it takes approximately 10 min for delivering the
initial I liter dose of cardioplegic solution whereas in our
most severe cases of coronary artery disease, the use of
continuous low flow coronary sinus cardioplegin results in
infusion times that may extend up to 30 min . Concerns have
been expressed over the occurrence of myocardial edema
resulting from such prolonged periods of retrograde coro-
nary sinus perfusion . This issue has been raised by Schaper
et al. (49), who reported extracellular edema and microvas-
cular damage (contrasting with adequate preservation of
myocytes) in patients given continuous coronary sinus car-
dioplegia during coronary artery bypass grafting . This study,
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however . was somewhat flawed by methodologic biases (in
particular, the use of high volume Bre(schne :der•s cardiople-
gia, which is known le cause tissue damage in a dose-
dependent fashion) andL in general, myocardial edema has
not been problematic even for those who have used contin-
uous coronary sinus cardioplegia both experim
.-
nially
(13,40,42) and clinically (35,40,50)-
Advanlages of prolonged curdleptegla delivery . A pro-
longed period of eardioplegia delivery could be more ac
advantage than a disadvantage in that it delays the washout
of cardiuplegic solution by the nnncvrutwy collateral blood
flow, which may occur rapidly after anrerograde infusions of
short duration. As such, the long infusion time inherent with
the coronary sinus approach is likely to enhance mainte-
nance of cooling and cardiac quiescence. removal of toxic
acidic metabolites, maintenance ofapproptiale pH . effective
delivery of substrates that may be included in cardiuplegic
media and eventually oxygen uptake for those who use
oxygenated crystalloid or blood eardioplegia .
Need for Bicavaf Cannufarion
Most surgeons now use a single cannula for ensuring the
drainage of venous blood to the oxygenator of the extracor-
poreal circuit . Consequently, the need for double cannula-
lion of the venue cavae and isolation of these vessels
inherent with cannulation of the coronary sinus under direct
vision has probably been the major limitation to a wider
clinical acceptance of coronary sinus cardioplegia .
Need far new catheter systems. As previously mentioned .
the dual connotation problem can now be circumvented by
the use of style!-guided catheters that are introduced into the
sinus through a stab wound in the right atrial free wall and
are therefore compatible with concomitant venous drainage
through a single cannula . Although the initial clinical results
generated by this blind approach seem to be quite satisfac
tory, it is evident that the design of currently available
catheter systems still needs to be improved . Of particular
concern is their tendency to slip out of the sinus easily .
which forces one to introduce the catheter very far into the
venous conduit, with the attendant risk of impeding retro.
grade cardioplege flow into the hrenches that originate
proximal to the inflated balloon.
Potential New Fields of Application
Complex pediatric surgery and heart transplantation . In
addition to valvular and coronary artery operations, there
are two other fields of cardiac surgery in which the use of the
coronary sip. i s is being considered The first is complex
pediatric surgery, and we are already aware of a successful
experience with the retrograde approach dosing arterial
switch procedures for transposition of the great vessels 13 t) .
i he .second porernial field at 'application it hear trans-
plantation. The importance of graft preservation during the
implantation procerure (and not only during the ex vise
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storage period) is being increasingly recognized . Rewarming
of the transplanted heart is expected to occur rapidly during
reimplantation, in particular as a consequence of pulmonary
venous return, and can be difficult to counteract by topical
cooling alone, The resulting intrauperative ischemic damage
is thought to be a major determinant afgraft failure, which is
not uncommonly seen in the early postoperative period .
Because implementation of anterograde methods of car-
dioplegia delivery is technically cumbersome as long as the
auntie anasromoses have not been completed, retrograde
coronary sinus perfusion appears to be an intuitively appeal-
ing alternative for ensuring adequate graft preservation from
the onset of the reimplantation procedure .
Conclusions
Retrograde coronary sinus perfusion has been proved to
be a saf, and reliable means of ensuring cardioplegia deliv-
ery during open heart procedures. In patients undergoing
aortic valve or aortic root surgery, coronary sinus cardiople-
gia does not result in better myocardial protection than that
achieved with the use of traditional methods of anterograde
delivery but provides distinct technical advantages that may
favor its use . In select patients undergoing revascularization
p ocedures, there is a strong likelihood that the coronary
sinus approach is more effective than [he anterograde route
because of its ability to provide a homogeneous distribution
of cooling and eardioplegia independent of coronary artery
patency . Clinical experience teaches that optimal myocar-
dial preservation may be achieved by tailoring the choice of
a given method to the patient's status . In the perspective of
such a flexible policy, it seems reasonable to consider
retrograde coronary sinus cardioplegia as part of our arma-
mentarium of ways to ensure adequate myocardial protec-
tion during surgically induced global myocardial ischemia.
As such . the use of coronary sinus cardioplegia appears a
logical extension to the surgical field of the pioneering work
of Meerbaum et al- (-2), documerting the ability of retro-
grade interventions to enhance tissue salvage and cardiac
function in the setting otacute regional myocardial ischemia .
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